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ABSTRACT 



An optical controller is capable of surrounding a player 
with a radiation screen from a plurality of panels, and 
enables the player to produce control signals for inter- 
face with a controlled instrument such as a musical 
instrument, a video game processor, etc. The insertion 
of the appendage of the player can produce a functional 
control signal The relative position of the insertion of 
the appendage can be determined, for example, as a 
result of the intensity of the reflected radiation in the 
dispersing radiation screen and adjusted in elevation. 
The video game processing unit can play either a con- 
ventional video game that usually accepts eight func- 
tional control signals, or it can utilize the full capacities 
of the control signals available from the optical control- 
ler for enhanced play action. 

17 Claims, 19 Drawing Sheets 
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adhadatitc ™« a _ ^8 saf^ devices or interfaces, which is free from all 

APPARATUS FOR AND METHOD OF the defects of the prior art apparatus. 

DAn™°S A DEVICE BY SENSING It is another object of the invention to provide such 

RADIATION HAVING AN EMISSION SPACE AND an apparatus, which operates efficiently in any sur- 

A SENSING SPACE 5 foundings and is not affected by the shape and dimen- 
sions of the room in which it is placed or by objects that 

CROSS-REFERENCE TO RELATED may be present in it. 

APPLICATION It is a further object of the invention to provide such 

This application is a continuation-in-part of our U.S. ?° apparatus which itself t0 different surround- 

patent application Ser. No. 08/001,058, filed Jan/^ 10 m ?f. ^„ A ^ " r v . 

1993, which, in turn, is a continuation-in-part of Ser u * * ° f mvenUon t0 P* 0 ^ 

No. 07/776,669, filed Oct 15, 1991, now abandoned. ' S^*^*^ W reqUireS 0nly 0ne S0UrCe ° f 

BACKGROUND OF THE INVENTION lt a still further purpose of the invention to provide 

1. Field of the Invention 15 S ? C ^ ?P! ntM which °P«te» by means of any de- 
m_* • , sired kind of radiation. 

J£ZZ!Ti «° d ^^ ] y^T 6 » » a «ilHurfI«r purpose of the invention toprovide 

^rS^r^^S' ^\ M ~ e such - w'hich adjusts its sensiti^to S 

SriS^h' h ^ v PtlCal "J*™* wmch 15 tion, so as to constantly provide the desired response to 

activated by dynamic stimuli, generally by motions of 2 0 the dynamic stimuli by which it is activated 

an operator's body appendages, and produces signals It is a still further purpose of the invention toprovide 

which can control a musical instrument, a computer- such an apparatus that is extremely simple in structure 

operated visual game, or other devices. and economical to make and to operate. 

2. Description of Related Art . It is a still further object of the invention to provide a 
Apparatus for producing sounds by radiation have 25 method for producing control signals by producing 

been known in the art for a long time period. They are radiation in an operating environment, and producing 
based on the principle of producing radiation, modify- control signals in a predetermined response to activat- 
ing it, sensing the modifications, and translating the ing dynamic stimuli, such as a player's appendages, 
same to signals, e.g M electrical.or electronic signals, independently of the characteristics of the operating 
which, in turn, produce musical tones. The modifica- 30 environment. 

tions of the radiation may be produced by the motion of It is a still further object of the invention to provide a 
the operator's body in a space that is traversed by the unique optical controller for use on a microprocessor 
radiation. The operator will be referred to hereinafter as video game system that can simulate a conventional 
"the player." controller in one mode of operation, and further pro- 

French Patent No. 72.39367 utilizes radar radiation. 35 ^ de > m mother mode of operation, expanded control 
The player's body reflects the radiation towards a sen- functions for computer games that have been appropri- 
sor and the Doppler effect is produced, which generates atelv programmed to accommodate an optical control- 
signals that are translated into acoustic frequencies. The ^ er< 

music may be generated as a function of the speed of the is anotner object of the invention to provide an 

player's motion or of his distance from the radiation 40 enhanced P la y of a computer game designed for a con- 
source, ventional 8-function controller through the use of a 

French Patent No. 81.06219 uses laser radiation, 16-function or greater optical controller that can simu- 
which surrounds a space in which the player moves and Ute ^ convendonal controller and further provide 
the tones are produced by the interception of a ray by e T lailced standard functions «* normally available to a 
the player's body. 45 P laver - 

U.S. Pat. No. 4,429,607 describes an apparatus com- lt IS an ? th ?. o{tte inveiltion to utiIize a sin g le 
prising a number of light emitters and sensors adjacent ^ ° f radm * on > s ? ch *? Stared radiation, and a 
thereto, tones being produced by reflecting back, e.g., SenSor ' and J* 1 **"* «rissi°* space 

by means ofafinger, an emitted ray to tfaetntra* < rt f ^ 10 ^ * | ^tennmation of the 

ing sensor ^ 50 location of an object m the radiation space. 

WO 87/02168 describes, among other things, an ap- 5 s ^^* ob J** .<* the invention to enable an 
paratus applying the sam^one-pLucing meSs^ Z £^* to ^^L^V W 
above^described U.S. patent, but using retroflective ^S^M^ ^oduced into a lateral- 
elements applied to the human body to produce reflect 35 * ^ *° m * M,m5e ° f 
tion that is stronger than random reflection, due, e.g„ to It b yct object of ^ mvention - d 

fiiSk? M f^*l*y>™*™ if***™ ™ neu - optical controller that can particularly £S2£ 
fcahzed by confining both Oe emitted and the reflected video games of action „J^ b oxing,^S^ 
beams witlun a iiarrow tube. The apphcation also de- sports, etc., while permitting the p^ to^ut *e 
senb^awayof^ a rde of ^ ^ & .JW^tohto 

PURPOSE OF THE INVENTION SUMMARY OF THE INVENTION 

It is a purpose of this invention to provide an optical 65 The apparatus according to the invention is charac- 

apparatus which is adapted to produce, in response to terized in that it comprises, in combination with a radia- 

dynamic stimuli, control signals for generating sounds tion source, at least one radiation sensor, means for 

or musical notes, or optical images or the like, or operat- activating a controlled device in response to radiation 
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detected by the sensor, and means for regulating the sua! games, or other computers or interfaces and,, in 
sensitivity, or reactivity, of the activating means in such general, any computer-controlled or electrically- or 
a way that they will not activate the controlled device electronically-controlled devices, generally designated 
in response to radiation received by the sensor in the herein as "controDed devices." Since a typical— though 
absence of dynamic stimuli, but will activate the same 5 not the only — use of the instrument according to the 
whenever such stimuli are present invention is to control musical instruments or visual 

By "dynamic stimuli" it is meant those changes in the games, the person using the apparatus and producing or 
radiation received by the sensors that are produced by a controlling the dynamic stimuli which activate it, will 
person using the apparatus for the purpose of rendering hereinafter be called "the player." 
the controlled device operative to produce an effect 10 The invention also comprises a method for producing 
that is proper to it, such as musical tones in the case of control signals in response to dynamic stimuli, which 
a musical instrument, video control signals for game comprises creating radiation in a defined space, sensing 
actions in the case of visual games, the sending of appro- a physically, generally quantitatively, definable charao 
priate commands in the case of an interface and the like. teristic of the radiation received at one or more points in 

The source of radiation may be constituted by at least 15 the space, determining, in a zeroing operation, the value 
one emitter that is part of the apparatus — that will be of a sensing parameter, having a predetermined correla- 
referred to as "internal (radiation) sources'* — or by tion to the characteristic, in the absence of dynamic 
means that are not a part of the apparatus but provide stimuli — hereinafter called the "reference threshold 
radiation in the space, in which the apparatus is in- value" of the parameter — and thereafter, in the normal 
tended to operate — that will be referred to as "external 20 operation of the apparatus, repeatedly determining the 
(radiation) sources." Typically, an external source may value of the same sensing parameter and producing a 
be constituted by the lighting of the room in which the control signal whenever a predetermined deviation 
apparatus is intended to operate. from the reference threshold value is detected. The 

Preferably, the apparatus comprises a number of radiation characteristic will generally be defined in 
panel units or "segments" (as they will sometimes be 25 terms of intensity, but may be defined otherwise, e.g., in 
called hereinafter). Each unit or segment comprises at terms of frequency, etc. It may not, and generally will 
least one sensor and, if the source of radiation is inter- not, be quantitatively determined since it is represented, 
nal, at least one emitter. in carrying out the invention, by the sensing parameter. 

In a preferred form of the invention, the sensitivity The sensing parameter may be defined, e.g., as a number 
regulating means comprise means for determining two 30 of pulses in a given time interval, or may be defined in 
received-radiation thresholds, an upper one above temis of different variables, such as a time elapsed be- 
which the activating means activate the controlled de- . tween emission and reception of radiation, a frequency, 
vice and a lower one below which they deactivate the etc. The correlation between the sensing parameter and 
controlled device, the gap between the two levels, the characteristic may be an identity, viz. the parameter 
wherein the activating means remain inoperative, corre- 35 may be a measure of the characteristic, or the parameter 
sponds to a level of noise. and the characteristic may be different even in nature, 

In a further preferred form of the invention, the sen- and any convenient correlation between them may be 
sor produces output signals in response to radiation established, as will be better understood hereinafter, 
received, and means are provided for sampling the sig- The correlation may be wholly empirical and it may 
nals, counting only the signals that are produced, within 40 vary in different operating environments and/or cir- 
a certain time period, by radiation having an intensity cumstances, as will be better understood hereinafter, 
above a predetermined minimum, and generating con- Preferably a different control signal is associated with 
trol signals in response to the number of the counted each sensor and, therefore, with each point at which the 
signals. received radiation is sensed. For instance, the output 

In a particular form of the invention, the activating 45 signal associated with each sensor may be used to pro- 
and sensitivity regulating means comprise processor duce a given musical tone, by which term is meant any 
means and logic circuits for activating emitter means to sound haying musical significance and, in general, a 
emit radiation pulses, sampling the sensor output signals definite pitch which, in the customary scales, such as 
in a predetermined timed relationship to the emitted the chromatic scale, is physically definable in terms of 
pulses, deriving from the sampled sensor, output signals 50 basic frequency and octave, or it may produce an in- 
a sensing parameter, comparing the value of the sensing struction to a computer to carry out a given operation, 
parameter with predetermined reference values thereof, such as the production of an image or its modification or 
generating control, activating, and deactivating signals, displacement, or any other predetermined action of any 
and transmitting the same to the controlled device, device controlled by the instrument according to the 
depending on the result of the comparison. 55 invention. 

The word "radiation," as used herein, includes any 

kind of radiation, such as infrared, ultrasonic, visible BMEF DESCRIPTION OF THE DRAWINGS 
light or laser radiation, or microwaves or other kinds of The objects and features of the present invention, 
electromagnetic waves and, in general, any radiation which are believed to be novel, are set forth with partic- 
that may be emitted and received by means known in 60 ularity in the appended claims. The present invention, 
^ ^ both as to its organization and manner of operation, 

The expression "control s ign als," as used herein, together with further objects and advantages, may best 
includes any electrical or electronic signals or any sig- be understood by reference to the following descrip- 
nals that may be produced by the activating means in tion, taken in connection with the accompanying draw- 
response to sensor output signals due to radiation re- 65 ings. 

ceived by the sensor. The control signals, as already FIG. 1 schematically illustrates a polygon controller 
stated, are used to control other devices, most com- made from eight units, according to a preferred embodi- 
monly musical instruments or computer-controlled vi- ment of the invention; 
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J?^ S ;?*" W f hem ^ Cally fl,UStr ? tC * e and P 0 ^ 011 of base 11 and a top portion or cover 12, con- 

sensors of a unit according to another embodiment of nected to the base in any suitable way. In FIG. 2 a cover 

etmrention; 12 is shown as removed from the base 11 and tamed 

j™Z\* % a f fam , " UStrat ! ne * c OP^ 00 ° f * upside down, to show its inner surface. Base 11 carries 

device according to another embodiment of the inven- 5 a single emitter assembly generally indicated at 31 (al- 

FTn a « , m~j, a' , . „ .„ . though this latter may be omitted, as will be explained 

th fSationshiJ SLSST m y stlaaa ^ hereinafter) and a sensor assembly generally "dicated 

s^r SftSrSr^i,! I * *if ntral * 15 The to P «"« 12 ■ Provided with a window 24, 

RtS^Sa^-^^ .0 -^eerm^a^bly, and a window 26, over the 

nent parts of a specific embodiment of the invention m~a*\ „Ju • *L j Jr ^ , 

and, more precisely of a control circuit and a P S £? if ™£ ^^^1^°' ^ 
circuit, respectively • d of ^ and preferably, but not necessarily, 

FIG. 7 is a schematic diagram of a panel circuit for 15 ^ f ° r radia ? 0 ? , beam m a 

another embodiment of the invention; m^etennined direction such as an optical lens assem- 

FIG. 8 is a flow chart of a calibration and operator- * th % < ^ b ? hmei ! t de ^f* the optical axis or 

sensing mode of operation- direction of the beam is essentially vertical and is ob- 

FIG. 9 is a perspective'mustrative view of a video fE^J* 0<mc wf ratil « * c radiation emitted by the 

game operation; 20 ' y means of a cyuadncal lens 20 and directing it 

FIG. 10 is another perspective illustrative view of a 0Dt ° a mirror 22> sIanted at about 45 to the 

video game operation; vertical, from which the beam is reflected generally 

FIG. 11 is a diagram of a program flow chart; upward These elements are shown in perspective in 

FIG. 12 is a diagram of a program flow chart; FlG ^* ^ reflected radiation passes through win- 

FIG. 13 is a diagram of a program flow chart; 25 dow 24 and fonns m upwardly-directed beam. The 

FIG. 14 is a perspective view of an emitted radiation beam ' ofcourse » « outwardly flared from its vertex, viz. 

beam and a sensing beam above a representative panel from tbe leveJ of * he emitter » upward, and has the gen- 

of the controller; eral shape of a pyramid having a generally quadrilateral 

FIG. 15 is a perspective view of a commercial em- cross-section or base. The geometry of its base depends 
bodiment of a controller in accordance with this inven- 30 011 ^ lens 20 which, being cylindrical, tends to pro- 

tion; duce a beam that is elongated parallel to the direction of 

FIG. 16 is a perspective view of the embodiment of ^ lens axis * The specific intensity of the radiation, viz. 

FIG. 15 in disassembled form; the amount of radiation which passes through a unit 

FIG. 17 is a perspective view of two controllers of surface of a horizontal cross-section of the beam, de- 
tile type shown in FIG. 15; 35 creases from the vertex of the emission space upward.. 

FIG. 18 is an enlarged, sectional view taken on line T * ie sensing assembly 15 comprises a mirror 25, slant- 

]8— ]8 of FIG. 15; ing at about 45 degrees to the vertical, on which radia- 

FIG. 19 is an enlarged, broken-away, perspective tion reflected by the ceiling of the room in which the 

exploded view of the interconnection between panels of apparatus is placed, or by any other reflecting body 

the controller of FIG. 15; 40 which crosses the emission space, impinges after having 

FIG, 20 is an enlarged, broken-away, bottom plan passed through opening 26 of cover 12, aligned with the 

view taken on line 20—20 of FIG. 18; mirror. Mirror 25 reflects the radiation to lens 27, these 

FIGS. 21 and 22 are diagrammatic perspective views elements being shown in perspective in FIG. 2d. From 

illustrating the break level adjustment feature of the lens 27 the radiation reaches cylindrical lens 32, shown 

FIG. 15 embodiment; and 45 in perspective in FIG. 2c. From cylindrical lens 32, the 

FIG. 23 is a schematic view illustrating enhanced radiation reaches a sensor, e.g^ a photoelectric cell 14, 

play action features of the FIG. 15 embodiment which produces an electrical signal in response to the 

DESCRIPTION of thf PUFFPPDEn radiation received. The geometry of the sensing assem- 

DESCIUPTIONOFTTffi^FERRED b ly determines a different sensing beam for each unit 10 

cmBwuvuzniz 50 so that the units will not interfere with each other— viz. 

The following description is provided to enable any the optical components described and the openings in 

person skilled in the art to make and use the invention the cover 12 are so dimensioned and positioned that 

and sets forth the best modes contemplated by the in- only the radiation from a certain space— "sensing 

ventors of carrying out their invention. Various modifi- beam"— reaches each sensor, and the radiation which 

cations, however, will remain readily apparent to those 55 reaches any given sensor does not reach any of the 

skilled in the art, since the generic principles of the others. It will be understood that the optical compo- 

present invention have been defined herein specifically nents previously described and their disposition are not 

to provide an optical controller for producing control critical, and any skilled person can select, components 

signals. that are different in whole or in part and arrange them 

In the preferred embodiment illustrated in FIGS. 1 60 in a totally or partially different way in order to obtain 

and 2, the apparatus according to the invention com- the desired emission and sensing beams. As already 

prises a number of panel units from 1 upwards to 8 in the noted, it is not necessary that each segment 10 should 

specific example illustrated, but this number has no comprise an emitter assembly. The apparatus according 

particular significance and may be changed at will. to the invention may comprise, instead, one or more 

Each panel unit has the form of a segment 10, so that the 65 separate emitters, each of which emits radiation that 

succession of those segments in mutual abutment consti- will be received by more than one sensor, in which case 

tutes a polygon, the player generally standing inside the there will not be associated with each segment an emit- 

polygon itself. Each s eg m ent 10 comprises a bottom ter assembly and an emitter beam. 
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The operation of a single element of the apparatus, it is clear that if SDT increase, more sensor pulses will 
viz. an emitter and a sensor, which, in the embodiment go undetected, all other things being equal, 
described, are associated with a given segment 10, wfll The operation by which the apparatus is prepared for 
now be described It will be understood that the same operation in a given environment, which will be called 
operations will take place for all other elements, al- 5 the "zeroing operation," will now be described with 
though preferably not at the same time, in order to reference to a single sensor. During the zeroing opera- 
avoid interference between: different elements. In other tion, none of the dynamic stimuli that will be applied to 
words, a central processor or computer such as that the apparatus and to which the apparatus will react in 
schematically indicated in FIG. 4 (which figure is self- normal operation, are present. The apparatus is started 
explanatory), e.g., a microprocessor, will activate the 10 and the emitters begin to emit IR (or other radiation) 
several elements of the apparatus at successive time pulses controlled by the computer. The sensor will 
intervals, which, however, are so short as to give the output sensor pulses and the computer will sample them 
effect of a continuous operation of the apparatus. It will and compute the IN value by counting the pulses— all 
also be understood that, as already stated, an emitter as explained previously — and will register the value in 
may cooperate, with different sensors and, thus, may be 15 its memory, all within a few thousands of a second (e-g., 
considered as a part of a plurality of elements of the 30 milliseconds). Since no dynamic stimuli are present 
apparatus. In the embodiment illustrated, the radiation during the zeroing operation, the value may be called 
is emitted by pulses. The frequency of the pulses may be "idle mode intensity number" and indicated by IDN. 
controlled by the central processor. Let us assume, by DDN is the reference threshold value or, the sensing 
way of example, that it is 2000 pulses per second. The 20 parameter IN. Due to the internal and external elec- : 
sensor of the element under consideration generates an tronic and optical noise, this number is not stable and 
output signal in response to a pulse received, which is varies from measuring cycle to measuring cycle. Its 
also a pulse, the length or duration of which increases maximum variation will be called "noise number" and 
with increasing intensity of the radiation received. To indicated by NN. It is determined empirically by oper- 
distinguish it from the pulses sent by the emitter, it will 25 atm S the apparatus in the environment in which it is 
be called "sensor pulse" or "sensor signal." When the intended to operate normally, which is the same in 
processor activates the element, it triggers the emission which the zeroing operation is carried out, and under 
of the pulses by the emitter. After a certain time, the normal conditions, e.g., normal room temperature, and 
processor samples the output of the sensor. The time , ft measuring IDN repeatedly over a sufficient length of 
elapsed between the triggering of the emission and the time > e -8-> one honr - Alternatively, NN could be calcu- 
sampling of the sensor output will be called "sample lated h Y s«™nung all the contributions of the various 
delay time" and indicated by SDT. The SDT can be components, eg., sensor noise, amplifier noise, digital 
changed by the computer. It influences the operation of aoise ' exteraal induction noise, optical noise from exter- 
the apparatus and, therefore, it is desirably set at an « «>al radiation sources, etc., each of which is individually 
optimal value, the determination of which will be ex- knowT1 °r easily determined by persons skilled in the 
plained hereinafter. art 

When the computer samples the sensor output, it According to an elementary embodiment of the in- 

senses and registers at each sampling whether a sensor vent,on > the apparatus could be programmed in such a 

signal is still being sent If the sensor has not received an ^ to act ? ate ? le controUed device > be it a terminal 

emitter pulse and. therefore, has not responded by send- devlce or . w "terface to a terminal device, to perform 

ing a sensor signal, or if it has received a weak emitter * °Pf at ? ons when the apparatus is subject to a radia- 

pulse and has therefore sent a sensor signal that has Uon "* wto^y ° f which corresponds to a sensing 

lasted less than the time SDT, the computer wfll regis- Pf«meter rN equal to or less than the reference thresh- 

ter the absence of such a signal (zero). If the sensor has 45 ? ld y .f ue ^ ^ luc ? B ° ot ^er than die radia- 

received an emitter pulse strong enough to cause it to J"" ?. Would reCeiV , e m ^ absence of dynamic stimuli 

emit a sensor signal the duration of which exceeds SDT, f ^^f^ 0 " 1 * 8 defined P^fW- ™us 

the computer will register the existence of the signal controUed device would be activated when at least 

(one). The computer will count the number of sensor ° nC !en ^ l ™*£12? a ^ d J atoon mor f than that 

pulses (ones) it detects during a given length of time or 50 es * l 5 M « d h J. JP N m * deactivated when all sensors 

"measuring Vie." The marinmm number of sensor IT™ w °" ^ * " k,wer r th "? jessed 

pulses that could be detected during a measuring cycle ^^^T^*,' IT"" fj^V"^ 

is obviously equal to the number of emitter pukes dial ?1™ J , T ^ I " ?i 

^i»«d™fc^w M d«piii-d. ^£^%S** theact,vahon thresho,d 

mum number of senso/pulses is 64, corresponding to a £JS ° f dynamic stunulus that * 

duration ofeach measuring cycle of about^oJcond fT^^^T ^/T 1"™* 

(more exactly 64/2000). if is seen that the number of IZ^&ZE^T^"^^*"^ 

: 1 *. j i_ . , ;. , uon or higher thresholds are increased by a factor that 

^^^^S^^T^^t 60 wi« be called the "sensitivity number" and wffl ta in£- 
wul be caUed "mtensity number" and will be indicated ^ by SN . In this way L apparatus will orfy re- 
by IN (and is compnsed in the case described between ^ J dynamic sM^t J™* to0 smali ™l £ 

Tlr^X mCaSUre ^ ^Zty of which increases wSS 

V * e ? b0d *" SN " lower and higher thresholds, indicated respec- 

SZ\2?. TT B ?° WeVCr ' f e f tot, °° 65 tively as OFFIN andONIN, will be expressed by: 

mtensity and the number IN of sensor pulses detected 

are not proportional, since the latter number is influ- OFFIN«=idn+SN 
enced by other factors, mainly by the value of SDT, as 
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onin-idn+sn+nn the dynamic stimulus ceases, IN will decrease from 60 

cv ic A Mrvn \ netA ^ - < n „ k . . to OFFIN, at which point the controlled device will be 

is determined empirically by operating the appa- deactivated 

ratus under normal conditions and varying it until the _ * . , . ^„^ T * 

apparatus responds satisfactorily toTRn Snamic , thresholds OFFIN and ONIN are actually 

stmiuluse.g.,th e ac^^^ 5 J!™*? of ***** counted Im a mensumg cycl^ viz. 

hand of the player or an optically equivalent object, at ^ <^ ension 15 sec ~ l - : of NN and SN are 

atypicalhdght,e.g.,1.2meters,atthecenterofthearea expressed in the same units. If the number of pulses 

in which the player normally operates. The value of bv the emitter is 64 per measuring cycle, as has 

SN, and well as that of NN, are registered in the com- been assumed herein by way of example, both OFFIN 

puter's memory as known parameters, as part of the and OI 5 IN must be comprised between zero and 64. 

zeroing operation. Increasing the number of emitted pulses increases not 

It will be clear from the above description that the on, y the accuracy of the apparatus, but also its response 

first parameter to be determined or, more correctly, to time, while decreasing the number decreases both accu- 

which an optimum value must be attributed, in the zero- racv and response time. Since high accuracy and low 

ing operation, is SDT. The sensors have a typical delay 15 response time are desirable, a compromise must be 

time between the time they receive the optical pulse and reached. In most practical cases, setting the number of 

the time they generate the electronic response. As men- pulses at 64 per measuring cycle achieves a good com- 

tioned earlier, the length of the response signal is pro- promise. 

portional to the intensity of the optical signal received. „ During normal operation, the computer checks the 
In order .to optimize SDT, its value is set at first as close IN every 30-40 milliseconds. If the IN value rises above 
after the delay time as possible, in order to achieve ONIN, the computer operates an "on" signal, viz, acti- 
maximum sensitivity. This value will be called "initial vates the controlled device (e.g., video/computer 
SDT — ISDT. A weak optical signal will cause the game, electronic musical device or interface). If the IN 
sensor to generate a short electronic pulse, but it wfll value is between OFFIN and ONIN, no change is ef- 
still be identified by the processor because it samples the 23 fected and the controlled device continues to operate or 
output of the sensor, right after the pulse is started. The not to operate, as the case may be. If the IN value de- 
processor will measure the IDN using ISDT. If the creases below OFFIN, the computer generates an "ofT 
rating number is too high in order for OFFIN and signal, viz. deactivates the controlled device. The gap 
ONIN to be in ^^^^^^^ecause of a very between the two thresholds prevents noise from send- 
strong opUcal signal (TDN>64-^N + SN)X the pro- 30 ^ ^ w ^ « off > sign £ s * inappropriate values 
cessor will lower the sensitivity by incrementing the of IN FF p 

SD Z ^LZ^^^T^^ ^f^- When more than one sensor is employed, each sensor 

so ?STS?2S?rf»lrf ^ '• will be assigned its own specific SDT, OFFIN, and 
sor samples tne output of the sensor 1 microsecond- <-\xttxt , , x , r , .„ - , ' _ 

+ ISDT after their response. Only ermttTop^dg- 35 ™™ ValUCS ' f h d ** T" 1 ^ f"^^™* 
nals which cause pulses 1 niicroLond+ISDT to be £ ^ ^ md ^ pr °' 
generated by the sensor will be identified by the proces- ^^JSL ^ 1 ^^^'.^ , 
sor. These pulses have to be stronger in their intensity. A * mbodm ? en t °J *ventio^ * e of 
The processor will repeat this procedure until the sensi- J^f"? reC f ^ by Af~- ,s . te ^ nx f^ 
tivity decreases so that IDN reaches a satisfactory 40 defe * ble characteristic of the radiation received. The 
value, which should be in the range: 0<ID- number of sensor pulses counted by the processor in a 
N<(64-(NN+SN)). The SDT which produces the meas 1 unng w ^ scnsin S parameter. The correla- 
result will be registered in the processor's memory and to( ? n ^tween &c parameter and the characteristic is the 
maintained in the normal operation of the apparatus, at relatl °nship between each intensity of radiation and the 
least unless and until a change of environment makes a 45 " > . rres P ondm S number of sensor pulses, which relation- 
new zeroing operation necessary. It may be called ship depends on the apparatus characteristics and on the 
"working SDT" and indicated by WSDT. particular SDT chosen. The reference threshold value 
These operations are illustrated in the diagram of of ^ 8*n*n8 parameter is the number of pulses IN 
FIG. 3, wherein the abscissae are times and the ordinate measured in the environment in which the apparatus is 
is the number of sensor pulses counted in a measuring 50 ^f^ed to operate and in the absence of dynamic stim- 
cycle. At the beginning of the zeroing operation, indi- uH* The deviation from the reference threshold value 
cated by segment 40, SDT is very small and, as a result, which causes the production of a control, ("on" or 
IN is too high (64 as shown in the diagram). SDT is then "off 1 ) signal is a predetermined deviation of the sensing 
increased by 1 microsecond (segment 41) whereby IN parameter, in excess, from the threshold value — prefer- 
decreases to 60, which is still too high. SDT is repeat- 55 ably a deviation in excess equal to the sum of the noise 
edly increased, producing the successive segments number and the sensitivity number, as previously de- 
shown, and IN decreases, until an IN of 40 is reached fined. 

(segment 42). This is a satisfactory value, for, with the The zeroing operation has been described with refer- 

values of SN and NN which have been previously es- ence to a single sensor. The computer will relate sepa- 

tablished, ONIN is 60, comprised in the 0-64 interval 60 rately to each sensor in the apparatus and if, e.g., there 

The SDT which has produced the value of IN— which are eight segments and eight sensors in the apparatus, 

is take n as IDN =40, based on which ONIN and the computer will concurrently zero each one of them 

OFFIN are calculated— will be used throughout the independently. Depending on the shape of the room, 

operation of the apparatus and, therefore, becomes the objects contained therein and the position of the 

WSDT. Slanted lines 43 and 44 illustrate how the appa- 65 apparatus within it, the various parameters, including 

ratus will work in normal operation. If a dynamic strmu- the measuring cycle, used or established in zeroing the 

lus is present, IN will rise from IDN to 60, which is apparatus, may be different from sensor to sensor and 

ONIN, and the controlled device will be activated. If from unit 10 to unit 10. 
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When the instrument is used, a player is stationed in which has received the dynamic stimulus, regardless of 

the playing area, which is, in general, the area within the intensity of the latter, or it may take that intensity 

the polygon defined by the segments 10, and moves into account and output instructions which are a func- 

parts of his body in such a way as to produce dynamic tion of it, viz., in the example described, a function of . 

stimuli, by creating changes in the radiation received by 5 the number of pulses received during the measuring 

the various sensors. This occurs because in the absence cycle, to cause, the controlled device to produce effects 

of a player the radiation emitted by the emitters carried of different intensities, e,g. t stronger or weaker musical 

by the apparatus segments, or by the central emitter or tones. 

emitters, is reflected by the ceiling of the room in which In this embodiment, each segment of the apparatus is 
the apparatus is placed, but when a part of the body of 10 provided with an emitter. However, as has been noted, 
a player penetrates an emission beam and reflects the a single emitter may be used for the whole apparatus. In 
radiation to a sensor, it is closer to the emitter than the this case, during the zeroing operation the single emitter 
ceiling. It is obvious that the closer the reflecting sur- will beam its radiation towards the ceiling, and the 
face is to the emitter, the more intense will the reflected radiation reflected by the ceiling is that which will be 
radiation be. The computer will then receive from the 15 sensed by the sensors. In the zeroing operation there is 
sensor or sensors so affected, within the measuring cy- no obstacle between the ceiling and the sensors, and the 
cle, a number of pulses different— greater, in this em- reflected radiation received by the latter is at a maxi- 
bodiment, but ^possibly smaller in other embodiments, as mum. When a player operates the apparatus, he will 
. will be explained hereinafter— than that which it re- intercept with his body part of the reflected radiation, 
ceives during the zeroing operation, viz. the sensing 20 and the intensity of the radiation received by the sensors 
parameter will deviate from its reference threshold will be lower than during the zeroing operation. In 
value and reach its activating or upper threshold value. other words, the dynamic stimuli will consist in a de- 
The computer is so programmed as to send to the con- crease of the intensity of the radiation received by the 
trolled device, whenever this occurs, an appropriate sensors. The apparatus will be so arranged as to respond 
activating instruction, which will depend on the nature 25 to such decrease in the way in which it responds to an 
and operation of the controlled device, on the particular increase thereof in the embodiment previously de- 
sensor to which the sensing parameter relates, and op- scribed, viz. it will generate an ON signal in response to 
tionally on other conditions or parameters which the decrease of the sensed radiation below the lower limit 
computer has been programmed to take into account established in the zeroing operation— which operation 
As noted, the controlled device may be any conven- 30 is analogous to that previously described — and an OFF 
tional device for creating electrical or electronic signals signal in response to an increase of the sensed radiation 
or signals of another kind; eg., an interface, or a tenni- above the upper limit established in the zeroing opera- 
nal apparatus, viz. an instrument or device for produc- tion. 

ing the finally desired effect, such as musical tones or Further to illustrate the invention, a microcontroller 
optical images, the actuation of a safety device, etc, or 35 program for one sensor/emitter couple is reported here- 
even another computer. It will be understood that the inafter. The program is written in C. The term "MIDI" 
computer may merely register that there is a dynamic indicates a musical instrument digital interface (a proto- 
stimulus and, therefore, produce in all cases a single col used by all electronic musical instruments), 
output instruction associated with the particular sensor 



PROGRAM 



/• beginning of program V 

int SDT, IN, IDN ( ONIN, OFFIN; /* variables V 

const int ISDT= I, N= 10, SN=5, cycle time =-30 /* constants */ 
main 0 
{ 

. zeroing 0; /• zeroing phase */ 

while ^(0 = =0) /• continues normaJ operation V 

IN = measure cycle 0; /* measure and get result V 
if (IN>ONIN) out on O. /* send on signal •/ 
if (IN <OFFIN) out off fj; /• send off signal V 

{ 

tat measure cycle 

int transmission, counter, 
start timer (CYCLE TIME) ; 

for (transmission =0: transmission <64; transmission + +) 

transmit pulse 0; 
delay (SDT); 

counter = counter + receive pulse 0; 

wait end timer 0; 
return (counter); 

void transmit pulse 0 

/• procedure for transmitting one pulse */ 

mt receive pulse 0 

/* procedure for sampling the sensor output and returning 
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-continued 



PROGRAM 



~P of sensor high, TT if tensor low */ 

void start timer (CYCLE TIME) 
{ 

/* procedure for loading the internal tinier to the CYCLE 
TIME=90 msec*, and running it V 
void wait end timer 0 
{ 

/• procedure that waits until the timer measured the time 

loaded to it at start timer 0 V 

} 

void out on 0 

/* procedure for sending an **on" code with a note value 
via ""MIDF protocol to musical instrument V 

void out off 0 

/* procedure for sensing an "ofT code with a note value 
via "MIDI" protocol to musical instrument V 

void zeroing 0 

SDT=ISDT: /* set SDT to ISDT V 

IN = measure cycle 0, /• get first IN value V 

WHILE (IN>(64-(SN+NN))) /• proceed until SDT is proper V 

SDT-SDT+1; 

IN —measure cycle 0; 

> f leaving only if SDT proper •/ 

IDN=measure cycle Q; 
OFFTN = IDN+SN; 
ON1N = IDN+SN+NN; 

} • 

/* end of program •/ 



This program should be completed and compiled 
according to the microcontroller which is used. 

We used: "INTERL" — 805 1 microcontroller. 35 

The emitters used: "OPTEK" — OP240 IREDS. 

The sensors used: "SEIMENS"— SFH240 PIN- 
PHOTODIODES with TBA2800 amplifier. 

It will be understood that the method which is car- 
ried out by the apparatus described in the aforesaid 40 
example may be carried out by using radiations which 
are different from infrared radiation, e.g., ultrasonic 
waves or microwaves. In such cases the apparatus will 
be adjusted to emit and receive the particular radiation 
that is being used. The system which involves produc- 45 
ing pulses and counting the number of pulses received 
in a given time interval can still be used, but in other 
cases, the sensing parameter may not count a number of 
pulses. It may be, e.g., a direct measure of a radiation 
intensity, e.g., a tension or current produced by a photo- 50 
electric cell, and the correlation between the sensing 
parameter and the physically definable characteristic of 
the radiation may be determined by the met that the 
sensitivity of the cell may be adjusted so that the tension 
or current has a predetermined reference threshold 55 
value in the absence of dynamic stimuli The instruction 
output by the computer, when the apparatus is in use, is 
a function of the difference between the tension or cur- 
rent produced and their reference threshold values. In 
other cases, the sensing parameter and the radiation 60 
characteristic may coincide, and the instructions output 
by the computer will be a function of the difference 
between the value of the characteristic in the absence 
and in the presence of dynamic stimuli. This may occur, 
eg., when the radiation characteristic is the time gap 65 
between the emission of a radiation and its reception by 
the sensor. However, in this case also, the radiation may 
be produced by pulses and the time gap measured for 



each pulse. The computer will then zero the apparatus 
by registering, for each sensor, the time gap in the ab- 
sence of dynamic stimuli It will then register the time 
gap in the presence of such stimuli and output and in- 
struction which is the function of their difference. 

A more specific embodiment of the invention is de- 
scribed hereinafter with reference to FIGS. 5a, $b and 
6. 

The embodiment in question has two kinds of control 
outputs: 8-bit parallel, to control video computer 
games, and serial, to control musical instruments with 
MIDI protocol. 

With reference to FIG. 2, the following components 
are used: lens 27, focal length 5 cm; lenses 20 and 32, 
cylindrical, focal length 1.5 cm; and mirrors 22 and 25, 
front-coated aluminum. 

The emitter is placed in the focus of the emitter as- 
sembly and the sensor is placed in the focus of the sen- 
sor assembly. The lens 32 is placed empirically in order 
to achieve the desired sensing beam, preferably between 
0.5 cm and 1.5 cm from the sensor. 

The zeroing procedure previously described has been 
applied to the apparatus in various rooms, and it has 
been found that the values NN=10 and SN=5 are 
optimal values for most environments. In a room with a 
2.5 m white ceiling the following values were found: 
SDT =5 and IDN=30. All the remaining parameters 
were calculated using the values of NN and SN. The 
operating height achieved was 1.2 m for a standard 
dynamic stimuli object equivalent to a child's hand. The 
aforesaid results are for the worst segment. In a room 
with a 2 m white ceiling the following values were 
found: SDT =8 and IDN=34. The operating height 
achieved was 1 m using the gnmp standard dynamic 
stimuli object 
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Further illustration lists of electronic components 
conveniently usable for the control circuit and the panel 
circuit of FIGS. Sa, Sb and 6 will be described below. 

The panel circuit and control circuit are related to the 
elements of the block diagram of FIG. 4 as follows: The 5 
emitter circuit of FIG. 4 includes elements D2, Ql, 
IRED1, R2, C3, and Dl. The remaining components of 
the panel circuit are included in the sensor circuit 

Elements J2, U2, DZl, R6, R5 f R4, R3, R2, Ql and 
Q2 of the control circuit form part of the units proces- 10 
sor interface of FIG. 4. Elements Ul, XI, CI, C2, C3 
and Rl of the control circuit form part of the center 
processor of FIG. 4. Elements U3 and J4 for operating 
a computer device, and Ul serial output (pin 10) and J3 
for operating an MIDI device which are in the control 15 
circuit, form part of the controller device interface of 
FIG. 4. 



BILL OF ELECTRONIC COMPONENTS 
CONTROL CIRCUIT 


1. Semiconductors 






Recom- 


Quan* Refer- 


mended 


Item tity ence Characteristics 


Part 



1 


1 


Ul 


Microcontroller *4KBYTE 


8051 








ROM 1 usee cycle 










6 I/O bits for panel 










control 










serial port for MIDI 










8 I/O bits for ••external 










service 




2 


I 


U2 


8 line Analog Multiplexer 


4051 


3 


I 


U3 


latch/buffer for ••external 


74373 








device 




4 


1 


U4 


voltage regulator 


LM3171 








7.5 V 100 mArnp 




5 


! 


US 


voltage regulator 


IM78L05 








5V lOOmAmp 




6 


2 


QI.Q2 


small signal low frequency 


2N2222. 








switching transistor 










VCE = 10 V 










IC » SO mAmps 










NPN 




7 


I 


Q2 


small signal tow frequency 


2N2907 








switching transistor 










VCE « 10 V 










IC » SO mAmps 










PNP 




8 


I 


DZl 


Zener diode 4.9 V 0.25 W 




9 


1 


LED1 


visible LED 50 mAmps 




10 


1 


XI 


crystal 12 MHz 




'Required for complex configuration. 2 Kbytes sufficient for basic configuration. 


Required only if eitemal device control operation*!. 










2, Capacitors 












Recom- 




Quan- 


Refer- 




mended 


Item 


tity 


ence 


Characteristics 


Part 


11 


3 


C6, 


ICS 








C7.C8 


decoupling caps 










10 NF 




12 


2 


C1.C2 


30 PF 




13 


1 


C3 


power an reset 










10 UF/10 V 




14 


1 


C4 


regulator 










decoupling cap 










2.2 UF 




IS 


1 


C5 


regulator 










decoupling cap 










12 UF 










3. Resistors - 












Recom- 




Quan- 


Refer- 




mended 


Item 


tity 


ence 


Characteristics 


Part 


16 


2 


Rl.RJ 


IK 


025 W 


17 


2 


R2.R7 


10K 


0.25 W 



20 



25 



30 



35 



40 



55 



16 

-continued 
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18 


2 


R8,R4 


200 


0.25 W 


19 


1 


R5 


2K 


0.23 W 


20 


1 


R6 


100 


0.25 W 


£.1 


1 






0.25 W 


22 


1 


R10 


2.7K 


0.25 W 








4. Connectors 












Recom- 




Quan- 


Refer- 




mended 


Item 


tity 


ence 


Characteristics 


Part 


23 


1 


Jl 


power input 










2 pin 










10 V 0.3 Amps 




24 


I 


J3 


MIDI output 










3 pin 










5 V low current 




25 


1 


J4 


•external device output 










9 pin 










5 V low current 




•Required only if external device control operational. 
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PANEL CIRCUIT 












Recom- 




Quan- 


Refer- 




mended 


Item 


tity 


ence 


Characteristics 


Part 








1. Semiconductors 




1 


1 


Ul 


IR preamplifier 


TBA2800 








70 DB gain 




2 


1 


IRED1 


near IR radiation 


OP240A 



PD1 



3 Amps peak current at (Optek) 
1 usee 300 pps 
100 mW power dissipation 
wavelength matches IRED1 SFH2Q5 
NEP = 3.7E-14 (Sdmens) 
[Watt/Sort (HZ)} 



4 


1 


Ql 


VCC = 10 V 
3 Amps peak current at 
1 usee 300 pps 
100 mW power dissipation 
HFE = 200 




5 


1 


Q2 


small signal switching 
transistor 
VCC = 10 V 
IC = 50 mAmps 


2N2222 


6 


1 


Dl 


rectifying diode 
100 mAmps 
10 V 


IN4001 


7 


1 


DZl 


Zener diode 
5.1V025W 
2. Capacitors 




8 




CI 


10 N/10 V 




9 


2 


C2,C3 


100 U/6 V 




10 


1 


C4 


2.2 U/6 V 




11 


1 


CS 


33 U/6 V 




12 




Cfi 


1.5 N/ 6 V 
3. Resistors 




13 




Rl 


10 


0.25 W 


14 


1 


R2 


10K 


0.25 W 


IS 


1 


R3 


IK 


0.25 W 


16 


2 


R4.R5 


100 


0.25 W 



the invention is particularly applicable to the control of 
60 musical instruments or computer-operated visual 
games, it is applicable to the control of different appara- 
tuses. For instance, it can be used as a safety device to 
prevent or discontinue operation of a machine, an eleva- 
tor or the like, whenever a part of the body of a player 
65 or any other person is located where it could be endan- 
gered by the operation of the machine In this case, the 
presence of such a part of the body of a person consti- 
tutes the dynamic stimulus which activates the appara- 
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tus according to the invention, and the zeroing opera- with boxing, martial arts, and other sport action games, 
tion is conducted taking into account the nature of dy- The optical controller 136, however, having a larger 
namic stimulus. number of control functions than the manual switches 

Another embodiment of the present invention is dis- of the conventional hand controller, is also capable of 
closed in FIGS. 7-10. This embodiment is particularly 5 not only simulating the hand controller so that a partic- 
adapted to address the needs of video computer games, ular panel and a particular high or low position on the 
such as the Sega Genesis System. Again, a plurality of panel, can each correspond to the conventional control- 
uidmdual panels, each having an individual emitting ler hand button, but further, the remaining additional 
LED circuit 100, for example, in the infrared range, and switching functions of the panel units can enable the 
an individual sensor member or photodiode 102 is pro- 10 optical controller 136 to provide alternative control 
vided. FIG. 7 discloses the schematic circuitry for one functions. For example, if one button of a conventional 
slave panel 134, which is responsive to a microproces- controller is dedicated to be a firing button for a partic- 
sor unit 104 contained within a master panel member ular action video game, that control function can be 
132. The master panel member 132 contains a stored emulated by one of the panel units of the optical con- 
program having appropriate algorithms to process in- 15 trailer 136. Another panel unit, however, or a high or 
formation from the respective slave panels 134 to enable corresponding low position on the same panel, can 
a player to control a video game. provide an enhanced firing capability, for example, for 

As seen in FIGS. 9 and 10, an illustration of the inter- a rapid fire capability that would be incapable of being 
face of a player with an optical controller 136 of this accomplished by the manual manipulation of the con- 
embodiment is disclosed The optical controller 136 is 20 ventional hand controller button. The processor 104 in 
connected to a video game processing unit 140, which is the master panel 132 can, for example, when sensing the 
only schematically shown and can constitute a commer- activation of the enhanced panel functioning switch, 
cial product such as the Sega Genesis Video Game pulse the firing signals on the conventional communica- 
System. Game cartridges 142 can store game instruc- tion line to the video game processing unit at a much 
tions on a ROM, as known in the industry, for project- 25 higher frequency to create a machine gun-like firing 
ing video signals that can be controlled with a player capacity. This enhanced game functioning play can, of 
interface onto a video monitor or television display 144. course, be accomplished without any apparent player 
For ease of illustration the video display is exaggerated manipulation of a mechanical control feature on a con- 
in FIGS. 9 and 10. trailer. The player simply uses the dynamic stimulus of 

As can be readily appreciated, video game processing 30 his own body in interfacing with a radiation emission 
units 140 are capable of using other than a ROM car- space above the particular panel unit 
triage 142 for the storage of games, such as a CD disk, The processor 104 can be programmed to interface 
which has the capability of providing a greater storage with games (or other devices) that are not designed to 
capacity and more intricate game play and images. In a utilize all 16 functional control signals (assuming a hex- 
conventional video game processing unit 140, a hand- 35 agonal panel configuration) of the output signals. For 
held controller (not shown) having generally eight example, a standard Genesis game cartridge accepts 
functional control switches has been utilized for con- eight functional input control signals from a conven- 
trolling an interaction between the player and the tional hand controller (not shown); however, the opti- 
progress of the game displayed on the television screen cal controller 136 is able to provide at least twice that 

40 many. The optical controller 136 can recognize, by 

Numerous attempts have been provided to simplify polling the appropriate addresses of the game data 
such a hand-held controller to facilitate the ability of stored in the game medium, when a standard Genesis 
the player to enjoy the game. The optical controller 136 game is interfaced therewith, and its processor 104 can 
of the present invention has the capacity, in this particu- switch to a protocol designed to accommodate the hi- 
lar embodiment, to provide 16 control switching func- 45 terface's limitations. 

tions, since each one of the panel units that make up the By multiplexing the optical controller 136 outputs 
optical controller 136 can distinguish between the posi- through the 8-to-4 decoder 110, the processor 104 ena- 
tion of a hand, as shown in FIG. 9, for a player 146, and bles an attached standard Genesis game to further uti- 
the position of a foot, as shown in FIG. 10. Thus, the lize the capabilities of the optical controller 136 when 
present invention not only encourages the player to 50 the player activates the game inputs in a particular man- 
create a feeling of identity and simulation with a corre- ner recognizable to the optical controller 136 via its 
spending video character 14$, but further enables the programming. For example, a player's activation of one 
player to naturally take advantage of the increased panel with his hand, while simultaneously activating 
16-function control switching capacities of the optical another panel with his foot, might cause the data nor- 
controller 136 without being encumbered by holding a 55 mally present on a first data line to be replaced with 
hand controller of the conventional configuration. The data present on a ninth data line, 
player 146, when stepping within the surrounding radia- As an example, a first data line could provide a firing 
tion shield collectively provided by the individual panel control signal limited by the manual depressing of a 
units, can become immersed in playing the game, since button on a conventional controller, while the ninth 
his hand and foot movements win appear by themselves 60 data line would provide firing control signals at a high 
to be directly translated into the simulated movements repetition rate to create a machine gun firing action 
of the video character 148. Since the radiation shield which would constitute enhanced play action, 
can be formed of an infrared energy, the only apparent Referring to FIG. 7, the processor chip 104 can first 
interaction with the radiation shield will be the corre- initialize the variables utilized in its computations. As 
spending simulated movement of the video character 65 described earlier, various thresholds can be set and are 

updated depending upon the reflective characteristics 
As can be readily appreciated, the optical controller of the room within which the optical controller is to be 
136 of the present invention is highly advantageous operated. In this embodiment, a single emitter such as 
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that which is contained within LED circuit 100 is 108. Receiving circuit 108 may be a TBA 2800 infrared 
mounted on each of the individual panels, and a angle preamplifier chip made by ITT or a similar device that 
sensor member or photodiode 102 will sense the re- is capable of outputting pulses varying in width, 
fleeted radiation from the position of a player appen- wherein such variance is indicative of the magnitude or 
dage such as the hand/arm or foot/leg of the player 5 intensity of radiation of signals received by the receiv- 
146. The optical system, shown in FIG. 2, complement- ing circuit 108 over a predetermined time interval. Van- 
rog the emission of the radiation from LED circuit 100 ations in the aforementioned pulse width convey infor- 
will spread the emitted radiation into an elongated emis- mation which can be utilized by the processor 104 to 
sion space above the specific panel unit so that the radia- identify the object which has traversed the optical path 
tion in one lateral direction will be simultaneously 10 between LED circuit 100 and photodiode 102. This can 
spread to a lesser degree than in a radial direction to be accomplished by empirically identifying an intensity 
provide a truncated emission space. Since this radiation level which can be used for comparison purposes to 
is being simultaneously emitted throughout this space, distinguish between an object in an upper space of a 
when a hand, as shown in FIG. 9, is inserted into this panel radiation space (e.g., hand/arm) and a lower 
radiation space, the amount of energy reflected back to 15 space (e,g., foot/leg). 

the sensor member 102 will be a function of the relative The pulses output from receiving circuit 108 further 
height of the appendage from the emitting source of provide an input to NAND gate 118 within transmitter 
radiation. Tne position of an appendage such as a foot logic 106. Processor 104, which, in a preferred embodi- 
or leg at a lower height will reflect a larger percentage ment, may be an Intel 8051 chip, provides outputs P1.0 
of radiation back to the sensor member 102. Since it is 20 and Pl.l to transmitter logic 106 and receives an inter- 
assumed that the player 146 will operate the game while nipt signal INT1 therefrom. More specifically, output 
standing in an upright position, an empirical determina- PL0 is provided to NAND gate 116 as an input and to 
tion of a threshold value of radiation received by the . D flip-flop 120 as a clock. Processor 104's output Pl.l is 
sensor can be utilized to determine whether or not the provided as an input to D flip-flop 120 and as an input 
appendage inserted by the player 146 is, in fact, a hand/- 25 to NAND gate 114. 

arm or a foot/leg. Thus, a determination can be made of When signal Pll goes "high" the transmitter logic is 
the relative position of the appendage or object in the enabled. NAND gate 118 receives the Q output of D 
emission space, depending upon the quantity of radia- flip-flop 120 and the aforementioned output signal from 
tion that is received by the sensor member 102. . receiving circuit 108 and provides an input to transistor 

Thus, the intensity of the light received by a panel's 30 122. The output of transistor 122 is connected to the 
photodiode sensing member 102 during a predeterr DATA line and output to processor 104 as an interrupt . 
mined time interval is indicative of whether or not a signal INTL This interrupt indicates that the receiver 
hand/arm or foot/leg has been inserted within the opti- circuit 108 has received LED circuit 100's light emis- 
cal path of the radiation space corresponding to that sion and that receiver circuit 108 has output information 
particular panel. The processor 104 in the master panel 35 corresponding thereto in the form of a pulse. When 
132 can cause a sequential scanning of each of the slave processor 104 receives interrupt signal INT1, the appro- 
panels 134 to determine the status of each panel unit. It priate counters are reset prior to firing the next panel's 
should be noted that each of the emitter members on LED circuit 100. 

each panel unit is not fired simultaneously, but is se- LED circuit 100 includes firing circuitry which is 
quentially fired to prevent erroneous radiation from 40 connected to the output of NAND gate 112 of transmit- 
being received by other sensor members of the other ter logic 106. NAND gate 112 fires LED circuit 100 in 
panel units. This permits each panel unit to have identi- response to processor 104*s outputs P1.0 and Pl.l, as is 
cal emitter and sensor components. illustrated in FIG. 7. 

The status of each panel unit is determined by com- Processor 104 interfaces with the video game pro- 
paring values corresponding to the intensity of the light 45 cessing unit 138 via an 8-to-4 decoder 110 which acts as 
received by each panel (hereinafter COUNTER_HX a multiplexer. The game processing unit 138, via con- 
represents this value) with the following thresholds; nector P2, sends a signal INTO to 8-to-4 decoder 110 to 
OFF13 LEVEL, ON— LEVEL, and LOW_LEVEL. indicate which data the game processing unit 138 is 

If COUNTER—HX < OFF—LEVEL, then the panel ready to receive from processor 104. 
unit enters into "Operate Panel Off* mode. If OF- 50 FIG. 8 is a flow chart representation of the algo- 
F— LEVEL < COUNTER—HX < ON— LEVEL, there rithms executed by processor 104. After power is ini- 
is no change in the operation mode. If COUN- daily applied to processor 104, ^initialization 130 of pro- 
TER— HX > ON— LEVEL, then the panel unit enters cessor 104's variables is automatically performed, 
into "Operate Panel On" mode. Similarly, if COUN- Thereafter, processor 104 enters into loop 140 (the sec- 
TER_HX> LOW-LEVEL, then the panel unit enters 55 ond step of processor's 104 autozeroing routine) 
into "Operate Panel Low" mode. wherein processor 104 scans the panels until it has de- 

The aforementioned processor 104, referred to in termined that the system is stabilized. 
FIG. 7 as US, enables the.electronics' transmitter logic The final portion of the aforementioned autozeroing 
106, thereby firing the panel's LED circuit 100, en- routine consists of step 150 wherein a variable (e g 
ablmg the receiver circuitry 108, and setting up the next 60 ON-LEVEL) for each panel is set to an operating 
panel unit FIG. 7 illustrates a preferred embodiment of reference level, the determination of which depends 
transmitter logic 106 consisting of NAND gates 112, upon the ambient conditions within which the system is 
114, 116, and 118, D flip-flop 120, and transistor 122. being operated. 

Additionally, power stabilizing circuit 124 is shown FIG. 8, in step 160, further shows how processor 104 
connected to D flip-flop 120 and photodiode 102. 65 differentiates between a player's hand and foot by scan- 
A signal corresponding to the intensity of the light ning the panels, suniming the results of the scanning 
emitted from LED circuit 100 and received by photodi- over a predetermined time interval, and storing the 
ode 102 is output by photodiode 102 to receiving circuit results thereof. In a preferred embodiment, the afore- 
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mentioned stored values are indicative of the amount of ferred, that is functional control signals, using an optical 
light intensity reflected back toward and received by controller protocol to the GPU. 
each panel. Such values necessarily fall within numeri- An additional flow chart is shown in FIG. 12 to 
cal regions defined by threshold values stored within broadly describe a program for controlling the optical 
processor 104. 5 controller 136. An initiation step takes place at step 280, 

Steps 170 and 180 illustrate that processor 104 re- followed by a step of enabling the scanning interrupt at 
sponds to a level of received light falling below an step 290. At step 300, a predetermined scan cycle of the 
OFF13 LEVEL threshold by deactivating the game panel units is instigated to provide measurement data to 
panel When there is no interference with the optical permit, at step 310, the setting of operating reference 
path between LED circuit 100 and photodiode 102, the 10 values. If an error is detected at step 320; for example, if 
reflected level of light falls below the OFF—LEVEL toe optical controller 136 detects abnormally high in- 
threshold when the system is properly calibrated. tensity reflections in one of the panels during the deter- 

If the intensity of light received by a panel exceeds mination of the operating threshold values, the proce- 
the aforementioned OFF— LEVEL threshold and is dure of ste P s 3 W ^d 310 are repeated. Subsequently, . 
below another threshold called the ON—LEVEL 15 mc processing unit interrupts are enabled at step 
threshold, the system deems the received light to be 33 .°- At st ^P 340 the program can service both the oper- 
within the boundary of a noise band defined by these ational scanning to determine the input of control sig- 
two thresholds. When the received intensity level is as nals » m & toe GPU interrupts and, in addition, can per- 
described immediately above, step 190 shows that pro- form enhanced P ower functions. As can be appreciated, 
cessor 104 does not change the operational status of the 20 ^ enhanced-power functions described above are per- 
system in response to what is categorized as mere noise. fanned by the optical controller, and the game will 

However, when the reflected and thereafter received accept agwh in the ordinary play of the game, 
light is of an intensity which is above the ON-LEVEL Referring to FIG. 13, a simplified flow chart of the 
threshold, steps 190 and 200 illustrate that processor 104 interrupt is disclosed. At step 350 the panels 

activates the game panel in response thereto. The level 25 scanned and radiation toat has been sensed as 
of received light is higher because either the player's ou1 f u f $ls °? l f » accumulated. At step 360 there is an 
hand or foot has interfered with the optical path be- upda ^ of ^ CTtire P^ 1 status > and ^ere is an out- 
tween LED circuit 100 and photodiode 102. Step 210 ££°[ thc emulatlon to GPU * Wmsd[ y> at ste P 
shows how the processor 104 utilizes an additional , n ? 70 pr0gram sets dineout value for ^ ne3£t 
threshold, LOW-LEVEL threshold, to distinguish 30 m ^fl^^ m +u * ^ v 
between the player's hand/arm and foot/leg. Ref ^ g t °^?l} 4 ' 1 ^ Uon ^f or cnussion 

A greater amount of light is typically reflected back El^^ 
toward the panel when the player's foot crosses the p3n fl° r S . 6gment 10 IS ^ped. pnnapaMy by opfc- 

optical path than when the player's hand <*o^ there- „ ^ ^ f>; ^ ^ve a scre^-li^ 
fL, ff kKLn M «f»u i -7^7 £ 35 sect*onal thickness (into the plane of the drawing) 

through because of the relative vertical position to the j.* u • v , \ ^ r . T 

emitteTmember 100 (see FIG. 10). Accordingly! andas^ ^?JZ£j!Z ^ ^ <=ross-secUonM w.dth (ex- 
illustrated by steps 210. 220, and 230, the anWt of Tt^L f *!, draw,ng) - thereby "npartmg 

light received bytte panel when this stage of the pro- ^ <a^l^pearanceto the enms.cn 

• , . ' . j .„ °, * ^ space 2. At the same time, the sensing beam or space 4 

^fn!^ *°r 40 k~ ^ fieldof-view of the sensor) that 

™? nf ^Jf ^? h ° 1 l^ w thC * e window 26 on the segment 10 is 

^ trttL^™™^ b l°T ^ ^Ped, principally by optical lenses 27, IT* have a 

^t^ ^ *T*?i T screen-^ volume, also Lving a cross-sectional thick- - 

thereafter determmes that the player's tend is over the ness much less ^ its crosJUional width. FIG. 14 
panel. Con versely when Ae ^ount of h^t received is 45 shows that virtually all of the points in the sensing space 
above the low-level threshold, step 230 shows that pro- 4 lie within the emission space! In a variant consfruc- 
cessor 104 thereafter determines that the player's foot is ^ ^ space ^d lic almost OTtirely within 

over the panel. the sensing space. Although the emission and sensing 

FIG. 11 discloses schematic program steps for a game spaces are shown as being substantially planar, in prac- 
processor unit (GPU) interrupt Step 240 indicates that 50 tice, each is curved and has a large radius of curvature, 
any panel unit transmission of IR will be stopped in FIG. 15 depicts a commercial embodiment of an 
order to prevent a power overload on any individual optical controller 400, analogous to the controller 136 
panel unit LED circuit 100. Step 250 is a decisional step 0 f FIGS. 9 and 10, connected via a cable 409 to a video 
to check the game status and, more particularly, to game processing unit 410 commercially available as the 
determine if an ordinary or regular game cartridge or 55 Sega Genesis Video Game System. The controller 400 
game data has been inserted into the game processing includes a master panel 401 and seven slave panels 402, 
unit 138, or whether game data capable of utilizing the 403, 404, 405, 406, 407 and 408, shown in assembled 
full functions of the optical controller 136 capability has view in FIG. 15, and in disassembled view in FIG. 16. 
been inserted. The optical controller 136 is designed to In a variant construction, as shown in FIG. 17, two 
emulate a regular hand controller by default Accord- 60 identical controllers 400 are connected to a pair of con- 
ingly, if the decision at step 250 is that a regular game trol ports on the game processing unit 410 to allow two 
capability is indicated on one of the communication players to compete. The controllers 400 are spaced 
lines from the game processor unit 138, then the optical apart, typically 3 to 5 feet, to prevent interference be- 
controller 136 will function to emulate a standard hand tween the controllers and the players, 
controller. Alternatively, if an optical controller capa- 65 Turning to FIG. 18, the master panel 401 includes an 
bility is indicated, then at step 260 a signal will be gener- upper housing 412 and a lower housing 414 in which the 
ated to indicate an optical controller interface with the above discussed electronic circuitry is housed on one or 
game processor unit 138. At step 270, data will be trans- more printed circuit boards, e.g„ board 416. A light 
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emitting diode 418 (analogous to diode 13) is mounted Turning to FIGS. 21 and 22, as previously noted in 
on board 416 and surrounded by a circular, rubber gas- connection with FIG. 8, if the intensity of the received 
ket 420 which, in the assembled state, is sealingly en- light is below the LOW LEVEL threshold, then the 
gaged by a light well 422 extending downwardly from processor 104 determines that the player's hand is over 
the upper housing 412 in order to resist the escape of 5 the panel (see FIG. 9), and conversely if the intensity of 
light past the gasket and to confine the light emitted by the received light is above the LOW LEVEL thresh- 
diode 418 in an outgoing path through a shaping lens old, then the processor 104 determines that the player's 
424 (analogous to lens 20) to generally configure the foot is over the panel (see FIG. 10). This LOW LEVEL 
emission space 2 (see FIG. 14) to have the aforemen- threshold is adjustable between a ininimum break level, 
tioned, generally thin, screenrlike volume. 10 eg., 12" relative to the floor, as depicted in FIG. 21, and 
Another shaping lens 426 (analogous. to lenses 27 and a niaximum break level, e.g., 28" relative to the floor, as 
32) is mounted adjacent shaping lens 424 and is sepa- depicted in FIG. 22. The break level is advantageously 
rated therefrom by a raised ridge 428. Shaping lens 426 set bv the player in advance in response to display 
configures the sensing space 4 (see FIG. 14) to have the prompts on the monitor screen to any one of nine sepa- 
aformentioned, generally thin, screen-like volume. 15 rate height levels between the aforementioned mini- 
Shaping lens 426 directs the returning light into another mum maximum levels. Each level has a tolerance of 
light-coitfning well 430 to a detector 432 (analogous to P lus or 3 "- Tl» break level for all panels is the 
detector 14). Various electronic components, for exam- same » ^ ^ break level for each panel varies by no 
pie, a receiving circuit 434 (analogous to circuit 108), more thBn 3 " over tne total Ien Sth of each panel. If the 
are mounted on the board 416 in a radio frequency 20 P^yer does not elect a break level, then the processor 
shielding metal can 436 to resist the noise effects of stray 104 wfll automatically select 20" as the default break 
electro-magnetic interference, and to assist in resisting 1 ^ veI - 1x1 ™W> ^ ^ me U customized to players of 
ambient light from corrupting the returning light. The different heights. 

shaping lenses 424, 426 are preferably coated with a M previously described, the preferred controller 

filtering material to allow only infrared light frequen- 25 embodunent ^ enhanced play .action, wherein a play- 

cies to pass therethrough. The raised ridge 428 also ?* S1 f iu ? tane ? us ° r se< ^ uential activation of different 

assists in blocking outgoing light from the emitter from mgh or f low) z ° aes m spaces above the same or 

passing directly to the detector different panels provides a new control function, e.g., a 

A multi-conductor ribbon cable 438 conducts electri- m 

cal signals from the components at one end of the mas- 30 J*™' ^/chematic^y shown m FIG. 23, the beam 

ter panel 401 to an electriLl connector 440 to mate with ±Z h T^^X^f T V 

a complementary connector 446 connected by another a\ P y i shouldersand head, and 

ribbon cabled other com^^ *° QC actlvated bv ^ P 1 ^ 5 feet * 

S^W^ 35 ThVaforementioned conventional hand controller 

Tvf^M S,gnalS t0 adJaCCnt buttons > A, B and C and a D-pad. Panels 401, 403, 

P^nf iTt,^, ,1 , am ♦ ,no, 405 and 407 on the controller 400 emulate the D-pad 

e^llt^l^ ^l £5*?"° ^ «*■ Paneb and 406H emulate buttonA. 

t : f ?!' ? d COnDeCt0rS ' Panels 402H and 402L emulate button B. Panels 408H 
described above, so that a plurality of emission spaces 2^^ ^ emulate button c 

SJTS! SP T 4 are 1 ? eat ? ! ^ acurtain *J° rad . a In addition to the above emulations, the simultaneous 

P rlT^' k \ P T : 7 *° n ' "? C LS2" or sequential breaking of multiple beams, or single 

cuit board on which the control components (see FIG. bam mdifferent ^neL produce "conibmation" moves 

5a) axe mounted in order to control and communicate for the video character/Thus, in the commercial em- 

with all the slave panels 45 breakin beams and 406H causes the 

The electro^echaiucal connection between adjacent game to start; breaking beams 401H and 403H causes 
panels » best seen in FIGS. 15 and 20. The upper and the video character to make a diagonal right, upward 
lower housing of each panel has an elongated, mam movement; breaking beams 401H and 407H causes the 
portion 448 and a leg portion 450 angularly inclined at video character to make a diagonal left, upward move- 
^ ang ^ C ! ? VC toto*™^ Portion. The ribbon 50 ment; breaking beams 405L and 403L causes the video 
cable 444 extends along leg portion 450 of slave panel character to make a diagonal right, downward move- 
408 and terminates in the pin connector 446 which is me nt; breaking beams 405L and 407L causes the video 
held in place by an exterior flange 452 wedged into a character to make a diagonal left, downward move- 
channel bounded by opposed walls 454, 456. The ribbon ment; and breaking beams 404L and 406L causes the 
cable 438 of master panel 401 terminates in the socket 55 game to pause or resume. Other combinations are, of 
connector 440 for mating with the pin connector 446. course, contemplated. 

A latch at the leg portion includes a pair of resilient While some embodiments of the invention have been 

latch arms 460, 462 normally biased away from each described, it will be understood that the invention can 

other by then- inherent resilience, and movable, by op- be carried into practice with a number of variations, 

posed ringer pressure in the direction of the arrows A, 60 modifications, and adaptations, without departing from 

towards each other to allow latch projections 464, 466 the spirit of the invention or from the scope of the 

to pass by the arms 460, 462 and become engaged be- claims, 

hind shoulders 468, 470 of the arms (see FIG. 20). To We claim: 

release the projections from the latched position shown 1. An apparatus for detecting an object, comprising: 

in Figure 20, it is merely necessary to squeeze handles 65 a) a support; 

472,474 toward each other, thereby moving the arms b) emitter means supported by the support, and oper- 

460, 462 closer together and freeing the projections 464, ative for transmitting radiation away from the sup- 

466 from engagement with the shoulders 468, 470. port into an emission space; 
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c) sensor means supported by the support and having 
a sensing space, said sensor means being operative 
for receiving radiation directed by an object lo- 
cated in the sensing space to the sensor means, and 
for generating an electrical signal indicative of the 
presence of the object in the sensing space; 

d) at least one of said sensor means and said emitter 
means including means for shaping at least one of 
said spaces to have a generally thin, screen-like 
volume having a cross-sectional width and a cross- 
sectional thickness less than said width substan- 
tially throughout said volume; and 

e) means for detennining a position of the object in 
said at least one of said spaces relative to the sup- 
port, and for generating a control signal indicative 
of the object position. 

2. The apparatus according to claim 1, wherein the 
support rests on a support surface, and wherein the 
determining means determines the elevation of the ob- 
ject relative to the support surface. 

3. The apparatus according to claim 2, wherein the 
detennining means includes means for establishing a 
predetermined elevation above and below which a high 
and a low zone are respectively defined, and wherein 
the determining means generates low and high control 25 
signals when the object is respectively determined to be 
in the low and high zones. 

4. The apparatus according to claim 3; and further 
comprising means for adjusting the predetermined ele- 
vation. 

5. The apparatus according to claim 1, wherein the 
emitter means includes a light source for emitting a light 
beam, and wherein the sensor means includes a light 
sensor for sensing a reflection of the light beam by the 
object, and wherein the light source and the light sensor 35 
are mounted adjacent each other on the support. 

6. The apparatus according. to claim 5, wherein the 
support includes means for shielding the light source 
and the light sensor from stray light and electro-mag- 
netic interference. 

7. The apparatus according to claim 1; and further 
comprising calibration means, operative prior to opera- 
tion of the determining means, for initially calibrating 
the apparatus with no object located in said at least one 
of said spaces. 

8. The apparatus according to claim 1, wherein the 
support includes a plurality of interconnected sections, 
each section having a separate emitter means and a 
separate sensor means. 

9. The apparatus according to claim 8, wherein the 50 
sections are arranged in a substantially closed configu- 
ration. 

10. The apparatus according to claim 8; and further 
comprising latch means for interconnecting adjacent 

55 
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sections between a latched position in which the adja- 
cent sections are interlocked, and an unlatched position 
in which the adjacent sections are unlocked. 

11. The apparatus according to claim 1, wherein the 
determining means includes means for recognizing a 
plurality of positions of multiple objects in said at least 
one of said spaces, and for generating a combined con- 
trol signal indicative of said plurality of positions. 

12. The apparatus according to claim 11; and further 
comprising means on the support for forming an addi- 
tional, generally thin, screen-like volume, and wherein 
the recognizing means recognizes the simultaneous 
presence of the multiple objects in the screen-like vol- 
umes. 

13. The apparatus according to claim 11; and further 
comprising means on the support for forming an addi- 
tional, generally thin, screen-like volume, and wherein 
the recognizing means recognizes the sequential pres- 
ence of the multiple objects in the screen-like volumes. 

14. A method of detecting an object, comprising the 
steps of: 

a) transmitting radiation from an emitter on a support 
away from the support into an emission space; 

b) mounting a sensor having a sensing space on the 
support; 

c) receiving radiation directed by an object located in 
the sensing space to the sensor, and generating an 
electrical signal indicative of the presence of the . 
object in the sensing space; 

d) shaping at least one of said spaces to have a gener- 
ally thin, screen-like volume having a cross-sec- 
tional width and a cross-sectional thickness less 
than said width substantially throughout said vol- 
ume; and 

e) determining a position of the object in said at least 
one of said spaces relative to the support, and gen- 
erating a control signal indicative of the object 
position. 

15. The method according to claim 14, wherein the 
determining step includes establishing a predetermined 
elevation above and below which a high and a low zone 
are respectively defined, and wherein the determining 
step generates low and high control signals when the 

45 object is respectively determined to be in the low and 
high zones. 

16. The method according to claim 15; and further 
comprising the step of adjusting the predetermined 
elevation. 

17. The method according to claim 14; and further 
comprising the step of initially calibrating the sensor 
with no object located in said at least one of said spaces 
prior to performing the detennining step. 
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